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FLOOD INSURANCE 


H. Alden Foster,* M. ASCE 


SYNOPSIS 


Whenever a major flood occurs in any part of the United States, 
much discussion arises as to why facilities are not available for writ- 
ing insurance to protect property owners against losses due to flooding 
of their property. This paper discusses methods of estimating flood 
frequencies, flood damage to individual properties, and the average an- 
nual flood damage that may be anticipated for any property subject to 
flooding. The question of errors of sampling involved in the statistical 
analysis of flood records, and spreading of the risk when issuing flood 
insurance policies, are discussed. Other special problems which are 
peculiar to the field of insurance are also considered, in order to eval- 
uate the practicability of establishing a system of insurance against 
floods. 


INTRODUCTION 


This paper is based on a report prepared in 1952 for the Insurance 
Executives Association by the firm with which the writer is associated. 
Prior to that time the insurance business had not been able to devise a 
method of providing specific flood insurance coverage on a basis accept- 
able to the public and at the same time in conformity with sound insur- 
ance principles. Certain types of loss due to floods have customarily 
been included under various forms of insurance, particularly on prop- 
erty which is mobile in character and which presumably has a chance 
of being moved out of danger when a flood threatens. Standard fire in- 
surance policies also cover losses due to a fire or conflagration which 
accompanies a flood. In general, however, the peril of flood presents 
peculiar problems with which the business of insurance has, to date, 
found no way to cope. 

Following the disastrous floods of 1951, insurance underwriters be- 
gan a re-examination of their traditional position respecting flood dam- 
age. A committee of fire insurance executives was appointed by Insur- 
ance Executives Association to study the problem of floods and flood 
damage. The engineering firm of Parsons, Brinckerhoff, Hall & Mac- 
donald was retained to make a comprehensive study of the technical 
problems and mechanics involved in measuring the exposure of proper- 
ty to damage by flood. This paper outlines the results of the study and 
summarizes the conclusions reached by the Insurance Executives Asso- 
ciation with respect to “flood insurance”. 


* Principal Associate, with Parsons, Brinckerhoff, Hall & Macdonald, 
New York, N. Y. 
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The technical problems involved are presented herein from an engi- 
neering viewpoint. The methods of analysis are explained in general 
terms only, without including theoretical details, since much of the lat- 
ter have been extensively discussed in the technical press and in the 
society publications. Various other matters which may have an influ- 
ence on the determination of premiums for flood insurance policies are 
also briefly considered. 


Magnitude of Flood Problem* 


Data on Flood Losses 


The principal source of information as to flood losses in the United 
States consists of data which have been coliected by the U. S. Weather 
Bureau on a national basis since 1902. The Bureau has published esti- 
mates of the amount of damage caused by each flood, utilizing chiefly 
questionnaires to county agents, county and city engineers, postmasters, 
mayors and river observers. Individual letters are sent to industries 
and railways. Officials in charge of district centers of the Bureau 
sometimes check the returns from the questionnaires by reference to 
newspapers and estimates of other agencies such as the Corps of Engi- 
neers, and by occasional field inspection. 

While the Weather Bureau flood statistics are the only available es- 
timates of flood losses on a nation-wide basis, other agencies make es- 
timates of damages for particular floods, or within limited areas, 

These include the Corps of Engineers in connection with authorized sur- 
veys for flood control; The Bureau of Agricultural Economics; The 
American Red Cross; and a few Federal, State and local agencies which 
collect flood loss data in areas of restricted scope or for special types 
of losses. 


Evaluation of Flood Loss Data 


The available nation-wide flood loss statistics are unreliable and in- 
conclusive due to the methods of evaluation. The facilities for data- 
collection do not assure that the losses resulting from every flood will 
be recorded accurately, promptly and completely. Substantial losses 
either are not recorded or are recorded incorrectly. Hence the avail- 
able national statistics must be used with the understanding that they 
are incomplete, are not strictly comparable from year to year or from 
place to place, and contain many gross inaccuracies in valuation of loss. 

The inconsistencies involved in the methods formerly used for esti- 
mating flood losses have been recognized by the various Federal agen- 
cies, and should be largely eliminated in the future as the result of in- 
vestigations of the Federal Inter-Agency River Basin Committee. This 
Committee issued a Report on Proposed Practices for Economic Analy- 
sis of River Basin Projects, in May 1950, which includes recommenda- 
tions for the determination of flood damages and the benefits from flood- 
control works. 


* See references 1 and 2 
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Increases in Flood Losses 


A summary of flood-loss statistics published by the U. S. Weather 
Bureau is given in Table 1. Examination of this table shows an appar- 
ent tendency for flood losses to increase in the later years of the re- 
cord. As it is doubtful whether there has been any general increase in 
the frequency of occurrence of major floods in the last 50 years it 
seems apparent that the large increase in mean annual flood losses is 
due primarily to the greater exposure of property to flood damage, due 
to encroachment on flood-plains. “Floods which caused little loss in 
numerous drainage-areas in the early part of the period would cause 
severe losses if they were to recur with the same magnitude today” 
(Ref. 1). 


TABLE! 


FLOOD LOSS STATISTICS - U. S, WEATHER BUREAU 


Loss of Property in the United States 
1902 - 1949 


Property Loss Calendar Property Loss 
Year $1000 $1000 
(Ending 
June 30) 


1902-03 53,116 16, 980 
6, 545 9,922 
11,000 23,470 
400 347, 658 
15,576 44, 614 
8,250 68,099 
49, 134 15, 850 
21,239 2,810 
7,772 10,295 
77, 586 36, 679 
171, 388 10, 361 
17,952 127, 130 
14,131 282, 549 
26, 124 440, 740 
27, 330 101, 100 
7,867 13, 834 
3, 164 40, 466 
24,771 39,525 
28, 647 98, 506 
52,060 199, 733 
33, 933 101,079 
1923-24 29,814 165, 797 
70, 814 

272,328 

229, 258 

93,932 


Mean (1902-24) 31,264 Mean (1924-49) 110, 161 
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AVERAGE ANNUAL FLOOD DAMAGE IN THE U,S, 


Estimated by Corps of Engineers, 


(From "Summary of Plans for Conservation and Development 
of the Water Resources of the United States". Pamphlet pre- 
pared in the Office, Chief of Engineers, Department of the 
Army. June 15, 1948.) 
Damage Pre- Damage Re- 
vented by maining Under 
Existing Present 


Drainage Basin Projects Conditions 
Atlantic Northeast $ 10, 934, 000 $ 42,088,000 
Atlantic Southeast 13, 062, 000 19, 162,000 


Alluvial Valley of 
Mississippi River 212, 847, 000 34, 899,000 


Ohio River Basin .36, 786, 000 60, 535, 000 
Great Lakes Basin 310,000 6, 103,000 


Upper Mississippi 
River Basin 10, 140, 000 52, 756,000 


Red River of the F 
North Basin 45,000 2,391,000 


Missouri River Basin 4,550,000 50, 100,000 


Southwestern Tribu- 
taries of Mississippi 
River 12,099, 000 47,612,000 10,2 


Gulf Southwest 7,014,000 52, 935,000 11,4 

Pacific Southwest 31,550,000 70, 197,000 16.3 

Pacific Northwest 4, 194,000 27, 331,000 _ 5.8 
$343, 531,000 $466, 109, 000 100.0% 


Distribution of Flood Losses 


The geographical distribution of flood-losses recorded by the Weath- 
er Bureau is indicated in Table 2. 

Studies of flood damages have been made on most of the principal 
rivers of the United States by the Corps of Engineers of the U. S. Army. 
Overall estimates of the average annual damage for the entire country 
are given in Table 3, distributed by drainage basins. These estimates 
are considerably greater than shown by the Weather Bureau Statistics. 
They include both Direct Damage and Indirect Damage. While the dis- 
tribution of losses shown by the Corps of Engineers differs to some ex- 
tent from that indicated by the Weather Bureau statistics of Table 2, 
both estimates show that the Mississippi River basin, including all 
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tributaries, suffers fifty percent or more of the total losses for the en- 
tire country. 


Kansas-Missouri Flood of 1951 


As an illustration of the magnitude of damages which may result 
from a single flood, the great flood of July 9-13, 1951, in the Kansas- 
Missouri area is of particular interest. (Ref. 3) This flood was caused 
by abnormal meteorological conditions extending from the central part 
of the United States to the eastern part of the Pacific Ocean, resulting 
in excessive precipitation over a large area in the early part of July. 
Unusually heavy rainfall during the preceding two and one-half months 
had saturated the entire basin, so that when the cloudbursts of July 9-13 
occurred, there was nothing to hold the runoff in check. The resulting 
peak discharge at Kansas City reached 510,000 cfs., which may be com- 
pared to 260,000 cfs. in the great flood of 1903, and an estimated 
360,000 during what had previously been referred to as the “grand- 
daddy of floods”, in 1844. 

But it might have been considerably worse. The discharge from this 
flood came primarily from the Kansas River Basin and the Osage River 
Basin in Missouri. Fortunately, the discharge in the Missouri River 
above Kansas City was comparatively low on July 13. It was estimated 
that, if the 1951 storm had centered a few miles north of its actual oc- 
currence, it would have produced 676,000 cfs. at Kansas City, which is 
one-third greater than the actual 1951 discharge. 

The total flood loss in the Kansas City District was estimated as 
$ 838,000,000; in addition the total agricultural damages in the basins 
of the Kansas, Osage and Lower Missouri Rivers were estimated as 
$194,000,000. There was great concentration of losses in the metro- 
politan area of Kansas City, which included not only direct damage by 
water but also fires caused by floating oil, severed gas mains and 
broken power lines. 

For a number of years, the Corps of Engineers and the Bureau of 
Reclamation have been constructing a series of flood control reservoirs 
in the Missouri River Basin. This program had not been completed at 
the time of the 1951 flood. It was estimated that operation of the exist- 
ing flood control projects in the Kansas City District during the 1951 
flood prevented tangible damages of $292,000,000. 

If all the flood control works proposed for the Missouri River Basin 
had been completed and in operation at the time of this flood, the crest 
discharge at Kansas City would have been about 150,000 cfs. less than 
the actual flood discharge, which would have reduced the stage about 
five feet, and would have substantially reduced the damages caused by 
the flood. Nevertheless, even with the completion of the program for 
flood control as proposed previous to July 1951, a repetition of the 1951 
flood would cause large damages due to the unprecedented flood dis- 
charges. 

From the standpoint of flood insurance, the 1951 flood demonstrates 
that even the most carefully prepared estimates of flood magnitude may 
be exceeded in a given locality; and that a single flood event may cause 
damages equal to several times the average annual flood losses for the 
entire country. 
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Probability of Floods 


The basic problem in setting up flood insurance for a particular 
property is the determination of the average annual flood damages to 
which the property may be subjected. This may be subdivided into 
three parts: 

a) The determination of the annual frequency (number of floods per 
year) or the average recurrence-interval (average interval in years be- 
tween floods) for floods equal to or greater than a given intensity, as in- 
ferred from past records. 

b) The estimation of the dollar value of damages caused to the par- 
ticular property by a flood of a given intensity. 

c) The determination of the mean annual flood damage for the prop- 
erty. 

The present discussion covers the various methods which have been 
developed for estimating flood frequencies, and the reliability of the re- 
sults to be expected from these methods. 


Statistical Methods Used 


Estimates of future flood occurrences must be based on past exper- 
ience, modified by the anticipated effects of any changes in controlling 
conditions which may be expected to occur. It is impossible to forecast 
the actual flood intensities which will be experienced in any particular 
year. However, it has been possible to make estimates of the probabil- 
ity of occurrence of floods of various intensities, by statistical analysis 
of past records. 

Statistical methods of considerable refinement have been used for 
many years in various fields, particularly in life insurance where the 
technical procedures have proved of great value. Somewhat similar 
methods were introduced into the field of hydrology about thirty-five 
years ago, and have received intensive study by many engineers within 
the past twenty years. However, there is a fundamental difference be- 
tween the statistical methods used by engineers and those which have 
received general acceptance by statisticians. 

In most statistical work, the data available for analysis run into a 
large number of items. For instance, life insurance calculations are 
based on the vital statistics of many thousands of individuals. But in 
hydrology and particularly in the study of flood records, the number of 
items available in any particular record are quite limited, seldom ex- 
tending over more than fifty years and often being limited to twenty 
years or less. 

Standard statistical methods involve assembling the data in the form 
of a “frequency distribution”. The individual items are grouped accord- 
ing to their relative magnitudes, and a table is prepared showing the 
number of items the magnitude of which falls within certain assumed 
limits. When these groups are listed in order of magnitude, either in- 
creasing or decreasing, the result is called an “array”, which may be 
plotted as a block diagram or “histogram” as shown in Fig. 1-a. 

When a large number of items are available for analysis, a consider- 
able number of blocks may be shown in the histogram, and frequently 
the tops of these blocks will form a more or less regular diagram. In 
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that case, a “frequency curve” may be plotted, which is a continuous 
curve approximately equivalent to the histogram, the area under the 
curve being the same as the area of the original diagram. An impor- 
tant function of statistical analysis is to determine the frequency curve 
that gives the best representation of the data, which is known as the 
“curve-of-best-fit”. Such a curve can be used for making estimates of 
the frequency of occurrence of similar data in the future. 

If the successive blocks of the frequency histogram are added to- 
gether, starting from the smallest numerical value of the data (such as 
the smallest annual flood), a diagram of “total frequency” or “cumula- 
tive frequency” will be obtained (Fig. 1-b). This shows the total number 
of items in the original data which are equal to or smaller than a par- 
ticular value. If a smooth curve is plotted to represent the block dia- 
gram, a “cumulative frequency curve” or “integral frequency curve” is 
obtained. This curve is generally referred to by engineers as a “dura- 
tion curve”, as it shows the total duration of time (or “percentage-of- 
time”) that the data are equal to or smaller than a particular value. 
Mathematically speaking, the duration curve is the integral of the fre- 
quency curve. (See Ref. 12) 

If the original data are limited in number, as is generally the case 
with flood statistics, a satisfactory frequency curve as described above 
cannot be constructed. But the same data can often be plotted as a dur- 
ation diagram with a reasonable degree of regularity, so that a smooth 
cluration curve can be fitted to it without too mich difficulty. For this 
reason, the frequency curve itself is seldom used by engineers, where- 
as the duration curve has received extensive application to hydrological 
studies. 

In many kinds of statistical analysis, it is found that the frequency 
curve obtained from the original data is closely similar to the so-called 
“normal frequency curve” or the “normal curve of error”, which has 
had extensive use in the theory of probability. 

The probability of occurrence of a flood of given magnitude may be 
expressed in a different way by giving the average number of years be- 
tween occurrences of floods equal to or greater than the given flood. 
This is called the “recurrence interval”. If P is the probability of oc- 
currence in any year of a flood equal to or greater than a given magni- 
tude, the recurrence interval of such a flood (expressed in years) will 
be 1/P. 

There hasbeen some confusion in technical literature regarding the 
use of the term “frequency” as applied to floods. Properly speaking, 
this term should be limited to its use by statisticians, as explained 
above. The duration curve gives the cumulative frequency, which is al- 
so the “probability” of occurrence of a given flood. Curves showing the 
recurrence-interval are sometimes described as “frequency curves”, 
although this is an incorrect use of the word “frequency”. 


Selection of Flood Data 


Several methods have been used to prepare an array of past flood 
events for use in estimating the probability of occurrence of floods in 
the future. 
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a) Annual Flood Method—The highest flood in each year is taken as 
the “annual flood”. The resulting array consists of one item for each 
year of record. The smallest of the annual floods will have a 
recurrence-interval of one year and cumulative frequency of one per 
year. 

b) Basic Stage Method—A certain rate of discharge is adopted as the 
minimum flood or “basic stage” for the given stream. All flood events 
in excess of this rate are tabulated to obtain the frequency array or dur- 
ation curve. The usual method of selecting flood data is by use of the 
Partial Duration Series (plotting individual floods). The maximum flood 
discharge rate of each independent flood event during the period of re- 
cord is tabulated in order of magnitude. Only those floods are used in 
which the maximum rate exceeds the “basic stage” adopted for the study. 
Generally, there will be more items in the resulting array than there 
are years of record. 

While the Basic Stage method has been advocated by various hydrolo- 
gists for certain types of study, it does not seem to be suitable in con- 
nection with flood insurance investigations. The partial duration series 
will generally include more than one flood in any particular year. If 
these individual floods are not far apart in date of occurrence, they 
should not all be included in the record. After one flood has occurred, 
a subsequent flood within a few weeks will not cause additional direct 
damage to the property unless the damage caused by the first flood has 
been at least partially remedied in the meantime. 

It is reasonable to assume that not more than one flood loss claim 
would be paid on any insured property in any one year. On this basis, 
the proper method for selection of flood events will be the use of the 
Annual Floods. This method, due to the uniform process of selecting 
the individual flood items, gives a properly distributed sample and 
hence is better adapted to analysis by probability or statistical methods. 
Moreover, Langbein (Ref. 4) shows that the annual flood and basic stage 
methods give approximately the same results for recurrence intervals 
exceeding about five years. 


Selecting the Curve-of-Best-Fit 


Various methods have been advocated for plotting the flood-frequency 
curve (or the corresponding flood-duration curve), and for fitting a 
smooth curve to the observed data as plotted. Some of these methods 
are adaptations of methods extensively used in general statistical analy- 
sis; others are based on formulas developed specifically for use in hy- 
drological investigations. (See Reference 5) It is beyond the scope of 
the present discussion to make a detailed analytical comparison of these 
methods. 

While the advocates of some of the plotting methods maintain that 
their curves have a reliable mathmetical basis for determination of the 
curve-of-best-fit, it appears doubtful whether these claims can be fully 
substantiated. In the case of data which have a substantially symmetri- 
cal frequency distribution, the normal curve of error has been found by 
experience to give reliable results. The normal curve is a mathemati- 
cal expression of the results of certain idealized experiments. When 
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applied to measurements of natural phenomena, however, the only proof 
of the scientific basis for the normal curve is that it gives a reasonably 
good fit to the recorded data. The same principle applies even more 
when dealing with non-symmetrical (skew) frequency distributions such 
as are commonly encountered in hydrological studies. In the opinion of 
the writer, the practical tests of reliability are: (1) which method gives 
the best representation of actual data; and (2) which method is most 
convenient to use. 

The various methods of curve-fitting which have been proposed gen- 
erally produce reasonably good results as applied to a given flood re- 
cord, when used to express probabilities or recurrence intervals with- 
in the length of the record period, particularly if the record is not too 
short. For example, a 20-year record could be used to obtain a reli- 
able estimate of a 10-year (10% probable) flood, regardless of which 
method is used for obtaining the probability curve. But when an at- 
tempt is made to extrapolate the flood-probability curve much beyond 
the recurrence interval covered by the record, considerable differences 
are revealed in the several methods. However, these differences are 
far outweighed in magnitude by the so-called “errors of sampling”. 


Errors of Sampling 


In the language of stztistics, a record of annual floods at a particular 
location is a “sample” of all floods which will occur at that location 
over a long period of years, the long-time record being known as a 
“population” and the individual recorded floods being items of the popu- 
lation. The items of the recorded sample may be analyzed by the var- 
ious probability methods previously mentioned, and a smooth probability 
curve may be established as giving the best representation of the sam- 
ple. But there is no assurance that a sample record covering the same 
length of time obtained during future years will produce the same prob- 
ability curve. In a program of flood insurance, it is important to deter- 
mine the extent to which the future record may differ from the available 
sample record. 

Where a sample record can be expressed as a normal frequency dis- 
tribution or probability curve, methods have been developed in the the- 
ory of statistics whereby the probable errors of future samples or the 
“spread” of the items in the future sample as compared with the avail- 
able record may be reasonably estimated. To justify the use of these 
methods, it is necessary that the record conform with the Theory of 
Random Sampling. 

From the statistical viewpoint, a flood record is a sample of an “in- 
finite hypothetical population”. Random sampling from a particular 
population tends to yield all possible different samples with equal fre- 
quency. This also involves the assumption that every member of the 
population is independent of its attribute (such as flood magnitude). In 
the case of floods, the theory requires that the magnitude of each item 
be independent of the items that precede or follow it. As already point- 
ed out, this eliminates the use of the partial duration series for the se- 
lection of flood items. 

Theoretical methods for estimating the probable errors of future 
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samples show that the relative magnitude of the errors decreases rap- 
idly as the number of items in the record increases. For records of 
less than 20 years, the possible errors may be sufficiently large to ap- 
preciably affect any estimates of mean annual flood damages. 
If the duration curve obtained from the given sample is represented 
by a straight line on probability paper as shown by Curve “A” on Fig. 2, 
the probable “spread” of the duration curves of other samples within 
certain confidence limits will be as shown on the diagram. The line 
marked “Coefficient of Risk = 5%” is the upper limit of the duration 
curves of all except 5% of the possible samples. In other words, there 
is a probability of only 5/100 that any future sample will be located 
above this curve. Similarly the line with Coefficient of Risk = 25% = 
shows the upper limit of all except 25/100 of the possible samples. The 
original record has a Coefficient of Risk of 50%,—i.e., there is an even 
chance that any future record will be greater or less than the actual re- e 
cord. The curves for various Coefficients of Risk shown on Fig. 2 were 
obtained by use of a table prepared by L. R. Beard (Ref. 6, 7). 


Regional Analyses of Flood Probabilities 


In some areas, it may be necessary to prepare estimates of flood 
probabilities at locations where the available streamflow records cover 
only a short period of years. Such a record would not give a reliable 
estimate of future floods. But if there are longer flood records at other 
locations on the same stream or in adjacent drainage basins, these may 
be used to augment the local short-time record and increase the relia- 
bility of the resulting estimates. Numerous studies have been made to 
establish methods suitable for the correlation of flood records at differ- 
ent locations. While it is beyond the scope of this paper to describe 
such methods in detail, attention is called to two recent developments 
in this field: 

L. R. Beard (Ref. 6, 7) has proposed a method for plotting flood re- 
cords on logarithmic-probability paper and studying the relation of the 
median flood and the standard variation of the logarithms of the flood 
items (i.e., the “Variation Index” proposed by Lane and Lei in Ref. 8) 
to certain characteristics of the drainage basins, such as area, ground 
slopes, mean annual rainfall, etc. If such relationships can be estab- 
lished for a given area, the results may be applied to individual flood 
records to obtain a flood-probability curve which reflects the experience 
of the entire region included in the study. 

W. B. Langbein (Ref. 9) has handled the same general problem by 
plotting the items of individual flood records as multiples of their re- 
spective mean flood values and comparing the resulting curves for all 
the records. He thus obtains a curve which represents the median of 
all of the available records, the results being expressed as multiples 
of the mean annual flood. This curve can then be applied to any particu- 
lar location within the general area for which a value of the mean flood 
has been determined. (See also Ref. 10) 

Each of these methods has as its object the preparation of a flood- 
probability curve for some particular location which will reflect the 
best information obtained from all the stations of record in the general 
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vicinity. The resulting accuracy will correspond to that which would be 
expected from the longest record available. But the errors of sampling 
connected with the latter would still have to be taken into consideration 
in evaluating the results of the study. 


Changes in River Conditions 


Where regulating works have been constructed on any river and have 
the effect of reducing the peak discharges of floods, the probability of 
occurrence of floods on the river will be affected. Any studies of flood- 
probability on such a river based on records prior to the construction 
of the regulating works would have to be revised before they would be 
useful in a subsequent program of flood-insurance. Obviously, the 
amount of detailed study required for preparation of flood-probability 
estimates at a given location will be appreciably increased if the dis- 
charge of the river is affected by flood control structures further up- 
stream. Similarly, changes in watershed conditions, either in the past 
or anticipated in the future, which would cause increased flood dis- 
charge, such as removal of forests or the conversion of land to urban 
uses, must be given consideration in the determination of flood proba- 
bilities. 


Studies by Government Agencies 


Extensive studies of flood-probabilities have been made by certain 
government agencies, particularly by the Corps of Engineers of the U. S. 
Army and by the U. S. Geological Survey. The Corps of Engineers have 
made such studies on most of the imrortant rivers in the United States, 
in connection with their investigation: of river control projects. These 
studies have been carried out by the various District offices. The Water 
Resources Division of the U. S. Geological Survey has been making 
studies of flood-probability throughout the United States, in cooperation 
with appropriate departments of the local state governments. Up to the 
present, the studies have been completed for only a few states. 

Different methods of analysis have been used by different government 
agencies in the study of flood-probabilities. In some cases, the same 
agency has used different methods at various times or in different of- 
fices. This is because no single method has up to the present been ac- 
cepted by all hydrological engineers as the most suitable for such analy- 
ses. 


Conclusions as to Methods of Curve-Fitting 


Comparisons made by the writer between the various methods of 
curve-fitting discussed herein do not lead to any precise conclusions as 
to which method is the best for use in studies of flood-insurance. With- 
in the time limits of the actual record, the several methods seem to be 
substantially equivalent as to results. When the curves are extrapolated 
beyond the highest floods of record, there is considerable variation in 
the results obtained. 

Since one of the principal objects in preparing a flood-probability 
curve for insurance purposes is to permit the extrapolation of flood 
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frequencies beyond the time limits of the record, the question of the 
amount of possible error in the “sample” for these less frequent floods 
is of particular importance. Such errors may become relatively large, 
especially when the record covers only a few years. In fact, these er- 
rors of sampling far outweigh in magnitude any differences between the 
several types of theoretical probability curves discussed herein. Hence 
the selection of the most suitable method comes down to a question of 
convenience in application. Where studies of flood-probability have al- 
ready been prepared for a particular location by some reliable method, 
they should be applicable to the determination of average flood damages, 
due consideration being given to all controlling factors which may be in- 
volved. 

As will be shown later, a precise determination of the magnitude of 
floods with very low probabilities (the floods with very long recurrence 
intervals) is not of great significance for insurance computations, since 
these rare floods have only a slight influence on the value of the “aver- 
age annual flood”. 


Flood Damages 


The second part of the problem of estimating average annual flood 
damages to a particular property is the computation of the dollar value 
of damages caused to the property by a flood of a given intensity. This 
question must be considered in two parts: 

1) To what depth will the property be inundated by the flood? 

2) How much damage will be caused to the property when the water 

reaches such depth? 
The first question involves the relation between “flood stage” or flood 
elevation and flood intensity; the second involves the relation between 
flood stage and damages, as related to the property in question. 

The procedure for determining flood damages outlined in the follow- 
ing discussion is based on the experience of the Corps of Engineers of 
the U. S. Army, who have probably had more experience in this field 
than any other group, on account of the extensive studies which they 
have made for economic justification of the construction of flood control 
projects on important rivers throughout the United States. 


Flood Stages as Related to Particular Properties 


The work required for the preparation of diagrams of flood stage at 
a particular property, as related to the intensity of the flood, is outlined 
below. It is assumed that the analysis would cover a considerable area, 
such as a city or a portion of the river valley subject to flooding, in 
preparation for setting up a system of flood insurance. 

1. Studies required for the general locality. 

a) Topographic Maps. Contour maps must be available for the de- 
termination of ground elevations throughout the area. In the more im- 
portant localities, maps of sufficient accuracy and detail can generally 
be obtained from government agencies, though it may be necessary to 
make additional surveys to fill in important details. It will generally 
be necessary to redraw or enlarge the existing maps, so as to summa- 
rize the topographic information, as follows: 
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1) An index map showing the entire area considered, divided 
into “damage reaches”. A reach is a subdivision of the 
river valley which is sufficiently limited in extent so that 
the slope of the stream, the character of the banks and 
flood plain, the type of development of the flooded areas, 
etc., may be considered as constant throughout the reach 
and represented by average conditions. 

2) Atlas Index Maps,—one for each damage reach; scale about 

one inch = 1000 ft. These will show the area covered by all 

of the Atlas Sheets for the reach. 

Detail Atlas Sheets (scale about 1" = 400 ft.) on which all 

individual properties covered by the survey can be located 

in detail, together with information relating the property 
elevations to river stages through the reach. Ground eleva- 
tions on the maps will generally be related to Mean Sea 

Level Datum (MSL). 

b) River Stage-Discharge Curves. These show the elevation of 
the water surface at the gaging station for various intensities of dis- 
charge. At many important locations, stage-discharge measurements 
have been made by governmental agencies from which a “rating curve” 
may be prepared. However, there is not likely to be more than one 
such reference gaging station within the area under survey. According- 
ly, it will usually be necessary to establish an additional gage for each 
reach, and take readings on these gages over a period of time covering 
at least moderate flood discharges, so as to prepare separate rating 
curves for each reach which may be extended to higher flood discharges 
by use of the reference gage record. If the river surface profile has an 
appreciable range of elevation within the reach, it may be necessary to 
subdivide the reach into smaller zones for each of which a correction 
factor will be applied to the gage height of the stage-discharge curve 
for the reach. The effect of this is equivalent to establishing a separate 
stage-discharge rating curve applicable to each piece of property within 
the reach. 

In addition to the stage-discharge curves for the several reaches, all 
available information is collected as to the areas actually inundated by 
particular major floods. This information should be shown on the Atlas 
Maps and also used to check the stage-discharge curves. Elevations on 
the stage-discharge curves will be based on MSL. They should also be 
related to the stage reached by some particular flood, such as the max- 
imum flood of record, so as to correlate damages to individual proper- 
ties with flood stages, as explained below. 

It should be noted that the preparation of the necessary maps and 
stage-discharge curves for a given locality may require a great amount 
of field surveys as well as office preparation, if such surveys have not 
already been made by other agencies, and the time required for such 
surveys and office work may extend over several months. The expense 
of such surveys must be incurred regardless of the amount of flood in- 
surance subsequently issued in the area. 

2. Studies required for particular properties. 

a) Determination of MSL elevation of the property. This may be 
accomplished by simplified leveling methods, such as by use of a hand 
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level, starting from reference points previously established at various 
points throughout the reach. It is important to determine the “elevation 
of zero damage”, or the flood stage at the property which must be 
reached before any material damage will occur. Frequently, this will 
be the elevation of basement window sills, or the ground floor door sill 
if there are no openings through the exterior walls of the basement. 
The zero damage elevation will also be referenced to the stage of the 
flood of reference by means of the stage-discharge curve for the reach, 
as explained above. 

b) Classification of flood damages. Damages to property are 
classified as follows (see Ref. 2, 11): 

1) Direct Losses. These consist of physical damage to prop- 
erty and goods, measured by present day cost of repair or the replace- 
ment in kind, and the cost of cleanup and for moving goods. The direct 
losses are generally subdivided as follows: 

Residential. Homes and habitations (other than farm buildings), 

including furnishings. 

Commercial. Buildings, fixtures, stock and merchandise. 

Industrial. All manufacturing developments, buildings, ma- 

chinery and stock. 

Utility. All public or private utilities, such as electric and 

gas service, and transportation other than railroads. 

Railroad. Track, structures, right-of-way, goods in transit or 

stored at terminals, supplies and equipment. 

Agricultural. Farm houses, land, livestock; physical damage 

to standing or harvested crops. 

Public. Government-owned utilities (such as sewers and water- 

supply), public and semi-public buildings and institutions. 

2) Indirect Losses. These consist of value of service or use 
which is lost or made necessary by reason of flood conditions, not 
chargeable to direct loss. They include losses of business and wages, 
costs of relief and similar losses, both within and without the flood area, 
during the period of the flood and subsequent rehabilitation. The prac- 
tice of the Corps of Engineers is to evaluate them as certain percent- 
ages of the various types of direct losses, these percentages being de- 
termined from available data studied by methods of sampling and ra- 
tional analysis. It seems doubtful whether indirect losses of these types 
would be included in a program of flood insurance, although types of 
loss covered under “use and occupancy policies” might be included. 

3) Depreciation Losses. The Corps of Engineers includes es- 
timates of the loss of value and utility of real estate beyond that deduct- 
ible from direct and indirect losses. The total depreciation equals the 
value before a major flood minus the value after the flood. Elimination 
of such losses by construction of flood-protection works is considered 
a proper credit for the economic justification of the works. However, 
it appears doubtful whether such depreciation losses would need to be 
considered in connection with flood insurance. 

c) Estimates of Damages. The determination of the amount of 
damage that would be caused to the property by a particular flood stage 
is a matter of appraisal. The most reliable estimates of damage will 
be for floods of record for which the owner of the property has definite 
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records of loss sustained. If such records are available for two or 
three major floods, the damages for the smaller floods may be estimat- 
ed by interpolation on a curve plotted through the known damage values. 

In case the owner has no record of actual flood damage, the apprais- 
er must make his own estimate. For important industrial or manufac- 
turing plants, this will involve a detailed examination of the property 

‘and the installed equipment, and estimates of losses to be sustained by 
each piece of machinery or equipment and cost of cleaning up. Where 
the equipment can be salvaged after inundation, the loss will be the cost 
of repairs. For raw materials, finished stock, etc., similar estimates 
must be maie. If there is reasonable expectation that part of such ma- 
terial could be removed to a safe location in advance of inundation, the 
loss would be correspondingly reduced. 

Damage to buildings will generally be less than the total replacement 
cost of the building unless the type of construction is such as to result 
in total destruction, such as by undermining the foundation. 

For certain types of structures, it may be possible to prepare typi- 
cal diagrams showing amount of damage per 100 sq. ft. of ground floor 
area for various depths of flooding. Such diagrams could then be used 
to estimate the damage to any particular property, and thus reduce the 
amount of field work required by the appraiser. In some cases, the U. S. 
Engineer Corps has prepared similar diagrams for estimating damages 
to the equipment and stock of commercial establishments on the basis 
of percentage of the value of the material. However, unless these dia- 
grams are based on reliable information, they should only be used where 
no other method of appraisal is feasible. 

d) Dynamic Effects of Floods. The stage-damage estimates de- 
scribed above apply particularly to the inundation type of flood,—that is, 
where the water surface gradually rises until the property is partially 
or fully submerged. This type of flooding will occur where the slope of 
the flood-profile is moderate. But where the surface profile of the river 
is relatively steep or the flood waters are temporarily held back by ob- 
structions, high velocity currents may be induced in the water flowing 
past buildings or other structures which may cause serious damages. 

A simple inundation may cause only partial damage to a structure, 
whereas the dynamic effect of rapidly flowing water may cause complete 
destruction. These effects are difficult to estimate in advance and can 
only be approximated by reference to past experience in a given locality. 

In any insurance program, the types of loss to be covered (either di- 
rect or indirect) would have to be carefully defined in the policy. 


Average Annual Flood Damage 


Relation to Insurance 


The average annual flood damage experienced by the owner of a par- 
ticular property is the amount which the insurer would have to charge 
merely to pay losses, to which there would have to be added a “loading” 
to cover the expenses of the insurer. Thus the average annual flood 
damage, or average annual loss for an individual property, plus the ex- 
pense loading would represent the premium which an insurer would have 
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to charge the property owner for protection equal to his estimated max- 
imum probable loss. 


Methods of Calculation 


The determination of average annual flood damage to a particular 
property can be made by combining the results of three studies: 

1) The diagram of flood stage vs. flood discharge, also called the 
“rating curve” of the gaging station corresponding to the given 
property. 

2) The diagram of flood discharge vs. probability. 

3) The diagram of flood-stage vs. property damage. 

By methods shown below, these curves can be used to obtain a curve 
showing property damage in dollars vs. probability of occurrence. The 
procedure is best illustrated by a practical example, based on studies 
by the New England Division of the Corps of Engineers for typical in- 
dustrial plants at Lowell, Mass., on the Merrimac River. 

The stage-discharge curve applicable to the reach in which the prop- 
erties are located is shown on Fig. 3. The ordinates of the curve are 
shown as Elevations above MSL; they are also indicated as stage in feet 
below an assumed “maximum probable flood” for which the discharge 
was arbitrarily assumed as 110% of the 1936 flood. (Any other flood 
could have been used, for reference purposes). 

The discharge-probability curve adopted for this locality is shown 
on Fig. 4. By taking simultaneous points on the curves of Fig. 3 and 
Fig. 4, a curve of stage vs. probability is constructed as shown on 
Fig. 5. Typical points on this curve are listed below: 


Stage Below Probability 
Max. Prob. Flood % 
1.3 ft. 0.3 % 
12.0 4.3 
19.6 60.0 


Fig. 5 is applicable to all properties in the reach under consideration. 

Information on estimated flood damage vs. flood stage for three in- 
dustrial plants located in this reach is given on Fig. 6. The original 
data for these curves gave stage elevations in feet above MSL. These 
were referenced to the stage of the “maximum probable flood” before 
plotting on Fig. 6. The resulting curves, therefore, can be directly cor- 
related with the curve of stage vs. probability (Fig. 5). 

By combining the probability values of Fig. 5 with the damage values 
of Fig. 6, curves showing damage vs. probability are constructed, as 
shown on Figs. 7-a, 7-b and 7-c (for Coeff. of Risk = 50%. These 
curves show the probability of occurrence of flood damages equal to or 
exceeding various amounts. Thus, Fig. 7-a indicates that there is a 
probability of 0.20 that the damages will equal or exceed $180,000 in 
any year for property “A”. Similarly there is a probability of 0.25 that 
the damages will exceed $140,000 in any year. Accordingly, there is a 
probability of 0.25 - 0.20, or 0.05, that the damages in any year will be. 
between $140,000 and $180,000 or an average of $160,000. A probabil- 
ity of 0.05 indicates that during a period of 100 years, there will be an 
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average of five floods causing that amount of damage. Hence the aver- 
age annual damage caused by that group of floods will be 


_5_ x $160,000, or $8,000. 
100 


A similar analysis will show that the total area under the damage- 
probability curve is a measure of the average annual damages caused 
by all floods which may be anticipated over a long period of years. In 
Fig. 7-a, as originally plotted one inch horizontally represents 10%, or 
a probability of 0.10; one inch vertically represents damages of 
$100,000. Hence one square inch of the diagram represents 0.10 x 
100,000 or $10,000 average annual damage. The total average annual 
damages caused by all floods during a long period of time will, there- 
fore, be the total area under the curve in square inches multiplied by 
$10,000. The resulting values for the three properties under consider- 
ation are shown in the following table: 


Property Area Under Mean Annual Average Ann. 
Curve Damage Flood Damages 
(sq. in.) per sq. in. 
A 8.80 $10,000 $88,000 
B 2.00 200 400 
Cc 3.00 1,000 3,000 


The figures in the last column of this table indicate the average annual 
damages for each property which would be expected from all future 
floods when averaged over a long period of years. They are an indica- 
tion of the amount of money which would have to be set aside from pre- 
mium payments each year to take care of losses over a long period of 
years, if there is no upper limit of the amount of damages to be paid in 
any one year. 

If the amount of insurance on the property is less than the theoreti- 
cal maximum damage (indicated by the ordinate of the damage-probabil- 
ity curve at 0% probability), the mean annual loss under the policy 
would be reduced. Thus, if the maximum loss in each of the three 
cases illustrated is limited to the loss experienced in the 1936 flood, 
the mean annual loss in each case would be reduced as follows: 


Property Mean Annual Reduction with Relative Reduction 
Loss Loss limited to of 
Unlimited 1936 Flood Loss Mean Ann. Loss 
Policy Area Loss 
(sq. in.) 

A $88,000 0.05 $500 0.57 % 

B 400 0.42 85 33.2 

Cc 3,000 0.02 20 0.67 


It is evident that for properties which are subjected to loss during a 
considerable percentage of years, such as Properties “A” and “C”, the 
mean annual loss will be only slightly affected by a limitation of the 
maximum loss covered by the policy. But a property, such as “B”, 
which is located at such a high elevation that it is only damaged by 
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major floods would have its mean annual loss appreciably affected by a 
reduction in the maximum loss limit. 

The relation between the mean annual loss and the maximum esti- 
mated loss is shown in the following table: 


Unlimited Policy Policy Limited to 
1936 Flood Loss 
Property Max. Loss Ratio of Max. Loss Ratio of 
Mean Loss Mean Loss 
to Max. to Max. 
A $1,000,000 8.8% $755 ,000 11.6 % 
B 90,000 0.45 30,000 1.05 
Cc 40,000 7.5 32,500 9.2 


This shows that the ratio of the mean annual loss to the maximum loss 
covered by the policy will be appreciably affected if the amount of in- 
surance is made considerably smaller than the maximum possible flood 
damage. As this ratio is closely related to the annual premium rate of 
the policy, it is evident that the premium rate would have to be adjusted 
by an amount depending on the amount of insurance. This is because 
the mean annual loss is not reduced in the same relative proportion as 
the amount of insurance. 

To investigate the relation between mean annual loss and maximum 
probable loss, the flood damage estimates for 54 industrial properties 
at Lowell, Mass., were examined. Values of mean annual damage for 
each property were calculated by the method outlined above. The max- 
imum probable loss was generally estimated by extending the damage- 
probability curve to zero probability; this would normally correspond 
to the face value of the insurance policy. 

The ratio between mean annual loss and maximum probable loss was 
computed for each property. As previously explained, this would be a 
factor in establishing the premium rate for a flood-insurance property. 
This ratio varied from 0.06% to 17.50%, for the 54 different properties, 
and was distributed as follows: 


40% of the items have ratios less than 1% 
55% " " " " 2% 
87% " " " " 4% 


The properties which have low values of the ratio of mean to maxi- 
mum loss in general have low values for the “probability of zero dam- 
age”. This factor indicates the cumulative frequency of occurrence of 
floods which would cause damage to the property. A structure located 
at a relatively high elevation above the river would have a low value for 
this probability. Such a structure would be flooded only infrequently, 
so that its mean annual flood damage would be small compared with the 
maximum probable loss. 

Somewhat similar results were obtained from studies of properties 
at Martin’s Ferry, Ohio, located adjacent to the Ohio River. 

This discussion indicates that there would be a great variation in 
premium rates for different properties, depending on the frequency with 
which they are damaged by floods. It does not appear likely that any 


483-19 


standard schedule of rates could be set up for industrial or commer- 
cial properties, but that the premium charge for each property would 
have to be determined by individual appraisal as previously described. 
The studies also show that flood insurance on those properties on 
which such coverage is most needed could be offered only at a prohibi- 
tive premium because of the virtually certain loss, and therefore, for 
practical purposes, these properties would be uninsurable. 


Capital Reserves 


As already pointed out, if the portion of the annual premium set 
aside to cover losses is equal to the mean annual loss determined from 
the damage-probability curve for the property, the total amount collect- 
ed in premiums over a period of years should be sufficient to pay all 
losses incurred during those years. This is only true when losses are 
averaged over a considerable length of time. It does not eliminate the 
possibility that the maximum possible flocd may occur in any year. Un- 
less the underwriter -has set up reserve funds sufficient to pay such 
maximum loss at any time, the financial stability of the insurance pro- 
gram would be jeopardized. 

Thus, for Property “A”, the maximum probable loss is estimated as 
about $1,000,000; while the mean annual loss is about $88,000. If a re- 
serve fund of at least $1,000,000 is not set aside, the insurance would 
be financially unsound even if the premiums allow for an average an- 
nual loss of $88,000. 

This situation applies to all the insured properties in a particular 
area. Consequently, the total capital reserve required for any general 
area would be equal to the sum of the maximum estimated losses of all 
the insured property in that area. If the face value of the policies is 
less than the maximum losses, the reserve must equal the sum of the 
face values of all of the policies. 

The basic reason why such a large reserve is necessary is because 
a major flood will cause damage to all insured properties located with- 
in the area affected by the river in question. In other words, there is 
no way by which the total risk may be reduced by spreading it over a 
large number of properties when those properties are all located in the 
same general flood area. In this respect flood insurance differs mate- 
rially from fire insurance. Under normal conditions, only a small pro- 
portion of insured properties in a particular city suffer damage by fire 
in any one year, so that the risk of loss can be spread over a large num- 
ber of policies. It is only in the case of a catastrophe, such as the Chi- 
cago fire of 1871, that a large number of properties are damaged by 
fire at one time. On the other hand, every major flood may be consid- 
ered a catastrophe since it would result in damage claims from all in- 
sured properties within the affected area. 


Spreading the Risk 


If the insurance program is placed in operation in widely separated 
sections of the country, it is probable that some beneficial effect of 
“spreading the risk” may be accomplished. This is because major 
floods do not occur in all parts of the country in the same year. The 
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effect on an insurance program would be somewhat similar to the 
“Diversity Factor” of an electric power company, as a result of which 
the total installed generating capacity in the power plant does not have 
to be as great as the total installed load capacity of all motors or other 
types of electrical equipment which is served by the utility. 

To determine accurately the “diversity factor” of floods throughout 
the United States by a study of the streamflow records alone would be 
a tedious and involved task. However, a qualitative analysis of the 
problem was made by examining the flood loss estimates of the U. S. 
Weather Bureau. That agency has made a practice for a considerable 
number of years of assembling data on flood damages throughout the 
United States, publishing the results annually by drainage basins. While 
the published results do not pretend to give an accurate estimate of all 
flood losses in each year, it is believed that they provide a qualitative 
picture of how such losse:3 are distributed in different pirts of the coun- 
try. An analysis of these statistics should give some indication of the 
possibility of spreading the risk of simultaneous flood losses in differ- 
ent parts of the country. 

The data used in this study included records for the years 1925 to 
1948, incl. (See Table 2). The country was divided into 13 drainage 
basins, and the annual flood damage (in thousands of dollars) was sum- 
marized each year for each of the basins. The total damage loss for 
the entire country was given in each year. These total losses were ar- 
ranged in decreasing order of magnitude, and plotted (Fig. 8) on 
arithmetic-probability paper as Curve “A”. 

The damage statistics for each of the basins were then analyzed sep- 
arately by arranging the items in decreasing order of magnitude, thus 
forming a “duration tabulation” for each basin. The successive values 
of these tabulations for all of the basins were then added together, thus 
deriving a tabulation of the sum of the greatest losses for all the basins, 
the sum of the second-largest values, etc. The resulting tabulation was 
plotted as Curve “B” on Fig. 8, thus obtaining a “sum of the duration 
curves” of the individual basins. 

Examination of Fig. 8 shows that Curve “A” (the duration curve of 
annual totals) encloses the same total area as Curve ‘B” (the sum of 
the duration curves),—or rather the two areas would be the same if the 
horizontal scale were arithmetic instead of probability. This is ob- 
vious, Since the area under each curve is the average total annual loss 
for the entire country. (Ref. 12) But it is noticeable that the upper end 
of Curve “A” has much shorter ordinates than the corresponding por- 
tion of Curve “B”. Obviously this is because the maximum damage 
items of the different basins do not occur in all the basins in the same 
year. 

This effect is also shown in Table 4, which gives the losses of the 
seven more important basins for the five years in which greatest total 
losses for the entire country occurred. In three of these five years on- 
ly one of the seven basins experienced its own maximum flood loss. In 
no year did more than two basins have their maximum losses. 

Table 4 shows that in 1937, the year of maximum total flood losses 
for the entire country, these losses amounted to $440,740. On the other 
hand, the sum of the maximum losses in all of the separate drainage 


483-21 


J 
\ 


FLOOD LOSSES FOR SELECTED BASINS 


(U.S. Weather Bureau Statistics) 
(Values in $1,000) 


Basin 1937 1927 1936 1947 1948 
N. Atlantic 2,690 29,408 1h6,03h# 198 12,467 


Ohio Valley 413,937 15,640 122,296 7,812 16,871 


U Missis-= 
poor 1,127 19,612 313 87,937% 2,905 


Lower Missis- 


sippi 6,658 133,898% 55 2,555 5,390 
Missouri 1,368 4, 880 109 163,176% 31,489 
Red River 25 100,908+ 16 1,446 220 
Pacific 9,2h5 903 892 88 111,826 
Total U.S. 40,740 347,658 282,548 272, 328 229,258 


= Maximum loss for basin 


basins amounted to $1,272,382. The ratio of 440,740/1,272,382 is 

34.7% That is, the total losses were only about 35% of what they would 

have been if the maximum floods had occurred in all the basins in the 

same year. From this it might be concluded that the reserve set aside 

to cover major flood losses in any particular basin could be reduced by ] 

65% if the insurance program covered the entire country and was not 

limited to a particular basin. Due to the approximate nature of the or- 

iginal loss data used in this study, the results stated must be considered 

as being only qualitative; but they do indicate that a benefit would be ob- 

tained by spreading the risk over a large portion of the country. \ 
| 


It is important to note that this question of spreading the risk applies 
only to the maximum flood leases, and does not affect the mean annual 
loss for any property. The total flood loss for the entire country is not 
reduced in any year, even if the insurance program covers the whole 
country. But the risk of experiencing a major loss in one region is re- 
duced by the fact that other regions will not be subjected to maximum 
damages in the same year. The practical effect of a wide coverage by 
insurance, therefore, would be to reduce the amount of capital reserve 
required to cover large losses in particular years. 


Effect of Errors of Sampling 


The above discussion of mean annual damages and maximum losses 
was confined to the determination of such losses on the basis of avail- 
able flood records. As previously indicated, however, there is a possi- 
bility that floods in the future will show a different distribution as re- 
gards probability of occurrence, due to the “errors of sampling”. 
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These errors will result in appreciable differences in estimates of 
mean annual flood damages. 

By using the methods for estimating the range of error in future re- 
cords previously outlined, the discharge-probability curve of Fig. 4 was 
corrected to show discharges having a “Coefficient of Risk” of 5% and 
25%. (The original record has a Coefficient of 50%). Similar curves 
were plotted on Fig. 5 to show the effect of possible errors in the re- 
cord on the stage-probability curve. With these modified probability 
curves, the damage-probability relations for properties “A” and “C” 
were redrawn, as shown on Figs. 7-a and 7-c. 

It is apparent that the errors of sampling will have a large effect on 
the mean annual damage for each property, as follows: 


Property Mean Annual Damage 


Coef. of Coef. of Coef. of 
Risk = 5% Risk = 25% Risk = 50% 


A $170,200 $112,400 $88,000 
Cc 4,200 3,000 


Evidently, there is no direct relationship between the Coefficient of 
Risk and the mean annual damages, except that the damages will in- 
crease as the risk decreases. The degree of risk which should be tol- 
erated in setting up an insurance program is a matter of judgment. It 
is obvious that some consideration must be given to this factor when es- 
tablishing premium charges on particular policies. It might be taken 
care of by a suitable increase in the capital reserves. 


Minimum Insured Losses 


It may be advisable in some cases to establish a minimum amount of 
damage which will not be covered by insurance, but which must be car- 
ried by the owner, similar to the “minimum deductible” clauses of auto- 
mobile policies. Such a clause might be particularly suitable if the pol- 
icy covers goods or stocks in storage, so as to give the owner an incen- 
tive to remove as much of the material as possible to a safe place in ad- 
vance of the flood. If such a provision is included in the policy, it would 
have the effect of cutting off the lower part of the damage-probability 
diagram as shown on Fig. 7-a. The mean annual damage would also be 
reduced, being equal to the remaining portion of the diagram above the 
minimum loss line. 


Flood Forecasting 


Forecasting of floods on the more important rivers has been carried 
out by the U. S. Weather Bureau for many years, the extent and reliabil- 
ity of the forecasts having appreciably increased in recent years. 

The short-range forecasts for one to fifteen days are of particular 
significance in connection with flood insurance. The value of these fore- 
casts lies in their timeliness, so that property owners will receive 
warning of impending floods as far as possible in advance of the actual 
arrival of the flood waters. 
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Flood damages may be reduced in many cases by emergency mea- 
sures based upon flood-forecasting. (Ref. 1) The more important mea- 
sures are: 

1) Removal of goods above the expected flood-stage by means of 
evacuation from the flood-zone or by raising them to a higher 
elevation in the same building. 

2) Protection by treatment of immovable goods so as to render 
them less subject to damage from water and silt, and from 
floating objects. 

3) The readjustment in schedules of business operations so as to 
minimize interruption in operations. 

4) Erecting dykes, bulkheading doors and windows, etc. 

An accurate and timely forecast is essential to the accomplishment 
of any of these measures, the necessary period of the warning varying 
with the measures to be taken. 

Since 1903, estimates of the magnitude of savings resulting from 
flood-forecasts have been made by the U. S. Weather Bureau. For the 
years 1903-1937, it was estimated that the average annual saving 
amounted to $8,500,000. (Ref. 1) These savings have been increased 
in more recent years, largely through extension and development of the 
forecasting service. As of 1948, it was estimated (Ref. 13) that the 
average annual flood loss of the entire nation was $225,000,000; and 
that this loss would have been at least $25,000,000 greater if the flood- 
forecasting service were not in operation. While these figures are ad- 
mittedly very approximate, they give some clues to the economic sig- 
nificance of forecasting. 

If flood insurance were to be established in this country, it would 
doubtless be greatly benefited by an efficient forecasting service. How- 
ever, there seems to be some doubt as to how much reliance should be 
placed on such benefits. Under present conditions, the following ques- 
tions remain to be answered: 

1) If the property owner fails to take due advantage of the fore- 
cast by delaying to take the necessary precautions or neglect- 
ing them entirely, can the insurance company refuse to indem- 
nify him for part or all of his losses under the policy? 

2) How can the insurance company be sure that the flood forecast 
will be reliable or will be issued in time so that precautionary 
measures can be taken by the assured? 


Special Problems 


Types of Floods 


From an insurance viewpoint, floods may be classified as follows: 

1) Simple Floods. Any flood in which the rise in the river stage 
is directly caused by excessive rainfall over the drainage basin up- 
stream without any contributary factors such as backwater from down- 
stream obstructions, ice gorges, dam breaks, etc. 

2) Tidal Floods. Caused primarily by excessively high tide back- 
ing up into portions of rivers adjacent to the seacoast. They may be of 
special significance along coasts subject to hurricane winds. The crest 
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height of a moderate flood may be increased by tidal effect if the peak 
discharge in the river coincides with the normal time of high water. 

3) Wind Floods. These would occur on a stream discharging into 
a large body of water with a long free sweep for the wind. A strong 
wind blowing steadily for some length of time may raise the water level 
considerably, causing backwater effect in the river. This type of flood 
is probably of minor importance. 

4) Backwater Floods. Resulting from a rise in the water level of 
the river at some point downstream, such as would be caused by a flood 
in a tributary, which causes the water surface in the river to rise for 
some distance upstream. 

5) Accidental Floods. These may be caused by the rupture of a 
dam upstream, with consequent sudden release of stored water. The 
resulting flood would be further increased if the rupture occurred at 
the time of heavy rainfall on the watershed. Their frequency of occur- 
rence cannot be estimated; but the possibility of such floods should be 
considered if any weak or poorly designed storage structures are locat- 
ed upstream. Another type of accidental flood might be caused by im- 
proper operation of river control structures. 

6) Ice Jams or Gorges. On some northern rivers, temporary 
dams are often formed by ice accumulating in the river and released 
during the spring thaw. These will cause backwater upstream, and 
flood discharges downstream if the dam breaks suddenly. They are of- 
ten accompanied with simple flood discharge due to heavy rainfall, or 
excessive snow-melt on the watershed. 

7) Snowmelt Floods. On many rivers, the normal spring floods 
are increased in intensity by melting of the snow cover over the water- 
shed. Some of the major floods on the northern rivers are caused pri- 
marily by this factor. 

8) Overland Floods. Certain areas which normally would not be 
considered as located in a flood-plain may be subject to damage from 
heavy rainfall flowing over steep ground slopes in the form of “sheet 
runoff”. There is considerable doubt whether this condition should be 
classified as a “flood” properly speaking, or whether it is a case of di- 
rect damage by rainfall. 

10) Mud Flows. These have frequently occurred in the semi-arid 
areas of the Southwest, where steep mountain canyons discharge onto a 
relatively flat plain. A cloudburst in the mountains may cause a sudden 
discharge of water down the canyon, carrying with it large volumes of 
mud, gravel, stones and even large boulders. This debris will be car- 
ried out onto the “alluvial fan” at the mouth of the canyon. Any struc- 
tures located on this fan in the vicinity of the canyon may be seriously 
damaged by the debris, even though the discharge of water might not be 
sufficient to cause appreciable damage by itself. 

Some of these types of flood are difficult or impossible to forecast 
from a probability standpoint. In a flood insurance program, it would 
doubtless be necessary to place certain limitations on the types of floods 
which would be covered by the policy issued on any property. 
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Effect of Insurance on Land Use 


If insurance is issued to cover a property subject to the risk of oc- 
casional flooding, the owner of the property may be inclined to increase 
the use of the property on the basis that, if a flood comes, the additional 
loss which he will suffer will be compensated by the insurance company. 
The effect is similar to the stimulation in use of land which is protected 
from flood damage by construction of a reservoir upstream. Even with- 
out the stimulation of insurance, there may be a tendency toward en- 
croachment of buildings and other structures on the flood-plain, in 
areas which are flooded only at intervals of ten or twenty years. Such 
encroachments will generally further increase the probability of flood- 
ing, due to reduction of the natural stream channel area. 

If insurance has been issued to cover structures already located 
within the flood-plain, the owner may decide to change the type of use 
of the structures, with consequent increase in possible fiood damage. 
This condition might be taken care of by making an annual inspection of 
the property and, if necessary, increasing the premium charge to cor- 
respond with such increased risk. 

The uneconomical development of land subject to periodic inundation 
might be controlled by the fact that insurance premiums on such proper- 
ty would necessarily have to be relatively high. Hence, there would be 
a tendency to eliminate properties of that type from the insurance pro- 
gram. 


Effect of Protective Works 


Where flood-control works have been constructed in a particular 
area, the risk of damage to properties so protected will be reduced. 


The degree of such reduction will depend to a considerable extent on 
how the works are operated during any particular flood. While the 
works may be designed on certain assumptions as to manner of opera- 
tion, there is no guarantee that they will always be operated in accord- 
ance with those assumptions. If insurance is issued on the basis of 
those assumptions, the insurance company would have to assume the 
additional risk involved in possible changes in the operating program. 

Levees are designed to protect the adjacent property from floods up 
to a certain magnitude. If the levee is not properly maintained, it may 
be ruptured by a flood of lesser magnitude. This possibility may in- 
volve an additional risk to be carried by the insurance company. 

Where flood-control works have been constructed on a river, the 
property owners in the valley downstream may feel a false sense of se- 
curity by assuming that the degree of protection from which they bene- 
fit is greater than that actually provided in the design of the works. 
This may result in the increased use of land which is still unprotected, 
and greater risk of damage from floods. 


Psychological Factors Affecting Insurance 


Certain considerations which appear to be particularly applicable to 
flood insurance may be described as “psychological factors”: 
1) Prospective customers whose property is subject to most 
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frequent flooding would be most interested in obtaining insurance, 
whereas it would be relatively difficult to sell insurance on any proper- 
ty which has not been inundated for a considerable number of years. 
Thus, the most profitable business from the standpoint of the insurance 
company would be the most difficult to obtain. 

2) There would be great interest in an insurance program imme- 
diately after the occurrence of a major flood. As time passes on, how- 
ever, this interest may gradually fade away; and if the flood is not re- 
peated for a number of years, the property owners previously affected 
may eventually decide not to renew their policies. This might have a 
serious effect on the ability of the company to build up a reserve to 
take care of future losses. 


CONC LUSIONS 


The conclusions reached in this study may be briefly presented by 
quoting from the report of the Flood Committee of the Insurance Exec- 
utives Association, adopted May 15, 1952: 

“To the experienced insurance mind, the flood peril presents the 
same sort of unpredictable widespread devastation and destruction that 
we associate with modern war damage, and the same considerations 
which prompted the business of insurance to refrain from assuming li- 
ability for war damage to property on land during World War II. ... 

If it could be established that the risk of loss by flood is a proper sub- 
ject for insurance, that specific flood insurance could be written on a 
sound basis, and that the public would purchase specific flood insurance 
at indicated rate levels, it is obvious that companies generally would 
desire to engage in this field. Because of the virtual certainty of the 
loss, its catastrophic nature, and the impossibility of making this line 
of insurance self-supporting due to refusal of the public to purchase 
such insurance at the rates which would have to be charged to pay an- 
nual losses, companies generally could not prudently engage in this 
field of underwriting. It is our considered opinion that insurance 
against the peril of flood applicable to fixed property cannot success- 
fully be written and that any specific promise of indemnity for loss by 
flood must therefore be regarded as in the nature of a subsidy or relief 
payment, which are quite outside the scope of private business and of 
insurance. ... Since for the reasons outlined private underwriters can- 
not undertake to provide specific flood indemnity as an insurance ven- 
ture, it follows that Government likewise could not undertake to provide 
specific flood indemnity by means of insurance. There is no reason to 
believe that the Government would encounter fewer obstacles to such an 
undertaking than private insurers. .... As a long-range program, it 
appears that an accelerated flood control program supplemented by 
such relief payments as are necessary on account of flood damage 
would be more in the interest of the public than a program of so-called 
“flood insurance” which would not be self-supporting.” 
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